ABSTRACT The relationship between rheumatoid arthritis and silicosis was studied by means of a case-control study in South African goldminers. One hundred and fifty seven miners with rheumatoid arthritis classified as "definite" (91) or "probable" (66) were individually matched by year of birth with miners who had no evidence of rheumatoid arthritis. Unmatched analysis of the case-control status for "probable" and "definite" cases yielded an odds ratio of 2-84 (p = 0-0001). Separate analyses yielded an odds ratio of 3 79 (p = 00006) for "definite" cases, a non-significant odds ratio for "probable" cases, and an odds ratio of 500 (p = 00003) for the presence of rheumatoid factor. These results could not be explained on the basis of cumulative dust exposure or intensity of exposure. The rate of progression of silicosis in both the "definite" and the "probable" groups was greater than for the control patients with silicosis, as was the probability of silicosis presenting at the start with larger nodules (type r).
Methods
Case-control methods were used. Workers with rheumatoid arthritis were identified from all white gold miners attending the Medical Bureau for Occupational Diseases for benefit examinations from 1967 to 1979. The gold mines contain dust with more than 30% free silica and there have been no major changes in dust concentrations since the late 1930s. Benefit examinations are performed to assess whether a miner is suffering from pneumoconiosis or other compensatable diseases or whether change in an existing compensatable disease means that he is eligible for additional compensation. Such examinations, which may be repeated annually, comprise a full examination by a specialist physician, chest radiography, and lung function tests, and other tests (including blood tests) as necessary. These examinations usually continue after cessation of mining exposure, as men may benefit financially if there is clinical deterioration.
The diagnosis of rheumatoid arthritis was based on the clinical features described in the physicians' written reports and in most cases on several successive annual reports. In all cases arthritis had been present for at least one year. Only cases considered definite or probable according to the American Rheumatism Society criteria4 were accepted. One hundred and fifty seven cases were identified, of which 91 were classified as definite and 66 as probable rheumatoid arthritis. In Relationship between silicosis and rheumatoid arthritis 100 of the 157 cases serological tests for rheumatoid factor had been performed, of which 70 yielded a positive result (80% of the 66 definite cases tested and 56% of the 30 probable cases).
Recording clinical features to allow a classification of "definite" rheumatoid arthritis had not been carried out systematically in these cases, since that was not the purpose of the examination. As a result an unknown number of "definite" cases are likely to have been classified as "probable." The year of onset of rheumatoid arthritis was obtained from the clinical data recorded at the benefit examinations or the periodical examinations. Periodical examinations are annual and obligatory for all miners while working in dusty occupations, but are not carried out by specialists. Symptoms and signs relevant to joint diseases are recorded routinely.
The controls were randomly selected from white men who attended the Medical Bureau for Occupational Diseases for benefit examinations from April 1970 to the end of March 1971. One control was individually matched with each case by year of birth (± 1 year). Controls who had any suggestion of rheumatoid arthritis were excluded.
For each subject the most recent chest radiograph was read on a four point scale of profusion corresponding to the major categories of the International Labour Office 1971 classification for silicosis by a single reader (GKS-C) without the knowledge of whether the film was that of a case or a control. The year of first appearance for each major category of profusion (that is, 1, 2, 3) was recorded when applicable and also, when relevant, the year when progressive massive fibrosis was first seen. Progression of silicosis was calculated for each subject who had at least one year between the first film showing signs of silicosis and the most recent film. Progression was calculated in major categories per year. Progressive massive fibrosis was analysed separately. The number of shifts worked in different occupations and the dust levels of these occupations were available for the gold miners. Some gold miners had been exposed to silica in mines other than gold mines but this was always a minor fraction of their total mining experience.
Case-control differences in dust exposure were calculated in terms of cumulative silica dust exposure, intensity of exposure, and length of exposure. Cumulative dust exposure was calculated up to the date of onset of silicosis for cases and controls, and up to the onset of rheumatoid arthritis for cases and for the same time for each matched control. It was calculated by multiplying the number of shifts worked in a given occupation by a weighting factor proportional to the dust level of that occupation'-12 for underground high dust levels; six for underground moderate dust levels; three for underground low dust levels and all 597 surface dusty occupations; two for occupations in mines containing silica other than gold mines (that is, copper, amphibole asbestos, etc); and one for service in mines containing a very little silica, dusty factories, and quarries. Weighting factors for non-gold mining service were based on available information on silica content of the dusts, mining techniques, and work processes. While the weighting factors for these exposures represent a greater degree of approximation than for the gold mines, very little of the service recorded for the study subjects was performed outside the large gold mines. Intensity of dust exposure was computed by summing the dust weighting factors for the various occupations multiplied by the number of shifts spent in those occupations and dividing by the total number of shifts worked (that is, a weighted average). The length of exposure was calculated by summing all the shifts.
Unmatched analyses were performed for all 157 cases. Separate analyses were carried out for cases classified as "definite" and as "probable" and for cases according to whether they were positive or negative in the serological test for rheumatoid factor or had had no test performed. The risk of having silicosis in the presence of rheumatoid arthritis was estimated from the odds ratio with 95% confidence intervals determined from the formula of Liddell.6 The cross classified data were evaluated with the X2 test and the odds ratio, and the case-control differences in dust exposure variables with the Wilcoxon two sample test. Since distribution of the progression of silicosis was found to be exponential, the Savage nonparametric test7 was applied to assess differences.
Results
Five index subjects had radiological evidence of interstitial pulmonary fibrosis, two of whom also had silicosis. The mean age of onset of silicosis was 52 years for the index subjects with rheumatoid arthritis and 50 years for the control subjects. The subjects with silicosis with and without rheumatoid arthritis had started their dust exposure at mean ages of 21-7 and 21 8 years respectively. The mean ages for the case and control subjects with silicosis for the last exposure to silica were 52-3 and 54 2 years, and for the last chest radiograph 59 4 and 60-4 years.
The unmatched comparison of the 157 cases and their controls by presence or absence of silicosis (table  1) yielded an odds ratio of 2-84 (p = 0-0001). For the 91 "definite" and 66 "probable" cases the odds ratios were 3-79 (p = 0 0006) and 1-94 (p = 0-131). Table 2 shows the odds ratios for the three groups according to whether subjects were positive or negative for the rheumatoid factor or not tested. The highest odds ratio was seen with the seropositive Sluis-Cremer, Hessel, Hnizdo, Churchill cases-that is, 5 00 (p = 0-0003); the ratio for the seronegative group was 1-44 (p = 0.55), and the ratio for those not tested was 2 25 (p = 0.13).
Although there was no significant difference in cumulative dust exposure or length of exposure in shifts up to the onset of silicosis in the two groups (table 3), the average intensity of dust exposure was significantly less for the cases than for the controls.
There was little difference between "definite" and "probable" cases in the percentage presenting with "r" sized nodules, in the proportion developing progressive massive fibrosis, and in the progression score (table 4). All of these indices were significantly higher for both "definite" and "probable" cases than for controls, whereas the time from onset of silicosis to the highest profusion seen was less.
The seropositive subjects were significantly more likely to present with-"r" type nodules (table 5) , to develop progressive massive fibrosis, and to have a higher progression score than the controls, while the time from onset to highest profusion was less.
Discussion
This study suggests that miners with rheumatoid arthritis when exposed to silica are more likely to develop silicosis than are miners without rheumatoid arthritis (table 1) . When data on the definite and probable cases and the matched controls were analysed separately the excess of silicosis was largely accounted for by the "definite" cases. The "probable" group may have included cases that would have been "definite" if the clinical data had been more complete. The considerable difference in the odds ratios between the two groups suggests, however, that classification as "definite" and "probable" was appropriate. The "probable" group must presumably have included subjects who did not have rheumatoid arthritis.
In 80% of "definite" cases tested for rheumatoid 599 factor the results were positive, compared with 56% among the "probable" cases. The proportion of miners with silicosis in the seropositive and seronegative groups did not, however, differ significantly (p = 0 28), so the finding of a higher odds ratio for the "definite" cases than for the "probable" cases is unlikely to have been entirely due to a higher proportion of seropositive cases among the "definite" cases. The "definite" rheumatoid arthritis and the seropositive groups overlap considerably, so it is impossible from these data to decide whether rheumatoid factor or another immunological aspect of rheumatoid arthritis is associated with the increased risk of silicosis.
The high odds ratios for the "definite" cases and for the rheumatoid factor positive cases could not be attributed to cumulative dust exposure or to the intensity of exposure, which were lower than in the controls, although the number of shifts was higher. The patients with arthritis are likely to have retired from high dust occupations, which are in general physically more arduous, because of their disability.
It has been shown previously that the quantity of silica deposited in the lungs is not the only factor in the causation and progression of silicosis. Pathogen free rats treated with silica or intratracheal tridymite developed mild, slowly progressing fibrosis8; whereas identically treated rats kept under normal laboratory conditions, where they are exposed to many pathogens, developed much more severe silicosis despite having similar amounts of silica in the lungs. 9 It has been claimed that rheumatoid arthritis may occur with accelerated silicosis.'0 In this study, however, there was no difference in cumulative dust exposure or in length or intensity of silica exposure up to onset of rheumatoid arthritis between cases and controls. Overmatching may have occurred, however, as both cases and controls were selected from men undergoing benefit examinations, who in general have had long exposures. If there is an association between exposure to silica dust and the development of rheumatoid arthritis it is unlikely to be a strong one.
Exposure to silica is, however, associated with some immunological phenomena, including an increased incidence of the autoimmune disease scleroderma," 1 and possibly lupus erythematosus,'2 and the production of rheumatoid factor in animals and man in the absence of rheumatoid arthritis. In animal experiments the evidence is conflicting. A rheumatoid like factor has been detected after both intravenous'3 and intratracheal injection'4 of silica, but negative results after intravenous and intraperitoneal administration have also been reported.'5 Webster et al report the occurrence of rheumatoid factor in two out of four baboons exposed to silica. 16 Rheumatoid factor was present more frequently in men with silicosis 600 (28%) in one study but only in sandblasters, who have very high intensity exposure. 17 Whether workers with rheumatoid factor are more likely to develop silicosis when exposed to silica is at present unknown. Studies of 195 gold miners with 20-25 years' underground service and with no rheumatoid arthritis16 showed that 21% had a titre of 1/64 or higher in the human erythrocyte agglutination test and 12% a titre of over 1/1280 in the latex agglutination test. The results of the agglutination tests did not correlate with the development or progression of silicosis over the next six years. Parkes has suggested that circulating rheumatoid factor may be associated with "suddenly advancing silicosis"'8 but the evidence at present is inconclusive.
Both rheumatoid arthritis and the ability to produce rheumatoid factors appears to be in part under genetic control. Rheumatoid arthritis has a strong association with the antigen HLA-Dr 4 in seropositive patients. 19 The strong association between rheumatoid arthritis and silicosis may be due to the underlying immunogenetic features of rheumatoid arthritis.
Presentation of silicosis with "r" nodules (3-10 mm diameter) was more common in both "definite" and "probable" cases of rheumatoid arthritis than in the controls. A recent radiological-pathological correlation study in coalminers found that the presentation of "r" nodules was sometimes associated with pathological features of Caplan's syndrome and with the "rheumatoid diathesis."20 We considered whether our findings could be attributed to Caplan's syndrome. Of the 157 index subjects, 68 have died and the lungs have been obtained for examination. Silicosis was confirmed in 54 patients at the time. When the 40 cases for which histological material was still available were reviewed none showed all the features of rheumatoid pneumoconiosis, although some features were present in eight (B Goldstein, personal communication-to be reported separately). Some degree of silicosis was found, not unexpectedly, in some cases in which radiographs in life had been normal. It is most unlikely that the phenomena reported in this paper are due to Caplan's syndrome.
The rate of progression of silicosis was higher in both the "definite" and the "probable" rheumatoid arthritis groups than in the controls. There was also a trend for progressive massive fibrosis to occur more frequently in cases of rheumatoid arthritis despite the fact that the time between onset of silicosis to highest profusion was lower for both "definite" and "probable" cases than for controls. The "probable" cases had as high a progression score as the "definite" cases and presented as often with "r" nodules, despite the fact that the association between rheumatoid arthritis and silicosis was not significant in this group. PossiSluis-Cremer, Hessel, Hnizdo, Churchill bly, although the definite and the probable cases include different "diseases," they have some immunological mechanisms in common, other than the production of rheumatoid factor, that affects the behaviour of silicosis.
Individuals with silicosis who are positive for rheumatoid factor are particularly liable to present with "r" nodules. Progression scores were similar in the groups positive and negative for rheumatoid factor groups and both sets of scores were higher than in controls, again suggesting that immunological mechanisms not associated with rheumatoid factor may be operative. Patients with seronegative rheumatoid arthritis may have circulating immune complexes or hidden rheumatoid factor.21
This study indicates that rheumatoid arthritis that can be classified as "definite" is associated with a considerably increased risk of silicosis not explicable by any measure of silica exposure. The same applies to seropositive cases of arthritis. Both "definite" and "probable" rheumatoid arthritis show faster progression of silicosis and a trend towards a higher risk of progressive massive fibrosis.
